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Introduction
Previous studies have demonstrated important correlations between the environment and the distribution of organisms (Guisan & Zimmerman, 2000; Floeter et al., 2001; Baumar, 2002; Bexiga et al., 2002; Magalhães et al., 2002; Bergenius et al., 2005) . Indeed, it is common the use of the term "essential habitat for fish" in management and conservation projects, referring to the environmental conditions required for an individual to be able to spawn, the offspring to hatch, eat and develop until its maturity (Wanat, 2002) . Bexiga et al. (2002) showed the utilization of the estuarine region as breeding zones by some fish species, where salinity, nutrients and refuge are important factors for the movement and distribution of fish species. Also, Inoue & Nunokawa (2002) found that variations of habitat along the river have significant effects in the distribution and abundance of species.
Large scale events such as dry or rainy seasons usually alter the ecological structure of communities through mortality and mass migrations (Magalhães, 1993) , having also local effects over the habitat affecting abundance (Inoue & Nunokawa, 2002) and the biotic interactions within fish communities (Godinho et al., 1997; Bexiga et al., 2002) .
For instance, flow increases in the rainy season may flood the plains (Leopold et al., 1964) . According to LoweMcConnell (1987) these dynamic environments offer a real mosaic of microhabitat for fish. Floods have also a great importance in the exchange of matter between the river and the adjacent plain (Colwell & Futuyma, 1971) .
The species Agonostomus monticola, also known as "tepemechín", is characterized as catadromous, i.e., individuals swim toward the sea or estuaries to reproduce (McDowall, 1998; Fievet et al., 2001) . Agonostomus monticola lives in waters with current varying from moderate to high speeds and can resist the torrents of nearby waterfalls. They can be found in streams and rivers with a distribution from sea level to 650 m a.s.l., tolerating temperatures between 20 and 31ºC (Bussing, 2002) .
Some possible limiting factors for the distribution of the A. monticola are the currents, water flow and turbidity. Therefore, well oxygenated waters, non-altered basins and moderate to high water flow are factors that are important for the survival of A. monticola (Cruz, 1987) . These fishes show a seasonal reproduction period. For example, the gonads of A. monticola that lives in rivers of the Atlantic slope of Honduras, Central America are fully developed in both sexes by the end of the rainy season (Cruz, 1987) . This raises the possibility that its reproductive behaviour is related to the seasonality of rains, similar to other Mugilidae, like Mugil curema, which also have patterns of reproductive behaviour linked to local environmental events such as the dry and rainy seasons (Baumar et al., 2003) .
Besides A. monticola, this work also studied the Brycon behreae, the "machaca", which is restricted to freshwater environments. This species lives in rivers and streams with current velocity from moderate to high. They live in schools over rocky or sandy bottoms and are omnivorous. The juvenile consume mainly insects, crustaceans and fishes and, as they grow, they increase the proportion of leaves, flowers, fruits and seeds in their diets (Bussing, 2002; Ribeiro & Ureña, 2009) . They can be found from 10 to 640 m a.s.l. and tolerate water temperature between 21 and 29ºC. They live in the Pacific slope between the rivers near Quepos in Costa Rica, down to River San Pedro in West Panama (Bussing, 2002) .
Both species were chosen for the present study because of their importance in the region. These native species are very abundant and used as food by the local human population. Brycon behreae is an endemic species of Costa Rica with very little information about its life history.
The Térraba River is actually part of a hydroelectric project, where a dam will be built. Then, the understanding of ecology and behavior of these fishes is very important to preserve these two species in the region. The creation of a hydroelectric dam is an activity that cannot be executed before the survey of the environmental impacts with a multidiscipline approach. There is no doubt that this sort of intervention is one of the main anthropic activities able to affect environmental factors that determine the structure of hydric systems communities (Floeter et al., 2001; Magalhães et al., 2002; Robertson & Winemiller, 2003) . The construction and operation of such facilities can alter the flow of natural regime and compromise the fish communities, causing mortality and local extinctions (Duncan & Lockwood, 2001 ).
The present study has as main objectives to: (i) determine distribution patterns of the organisms between the Térraba River and in some of its streams; (ii) establish the ecological importance of these streams for the development of both species in the Térraba basin by comparing the proportions of adults and juveniles between each stream and the main river; and (iii) determine the effect of flow increase during the rainy season on both populations. Additionally, we discuss the feasible effects of the dam project in this basin on both populations based on data obtained in another basin intercepted by a barrage.
Material and Methods

Study area
The study was conducted in the Térraba River and three tributaries: the streams Ojochal, Cañal Blancal and Brujo. This river is located in the South Pacific of Costa Rica and forms along with the rest of its affluents one of the biggest basins of the country. The collection places were distributed from the mouth of the river to regions near the cities of Palmar Norte and Buenos Aires, covering a distance of 70 km (between the two most distant points). The three streams were used as natural replicas for comparison of population structures between streams and the main river.
In this period a total of 8 points were sampled monthly from March 2004 to February 2005, two in Térraba River and two in each one of the three streams studied ( 
Data collection and samplings
The flow was calculated through the width, depth and current speed. The width was measured using a tape measure; the average depth was obtained from three equidistant measures across the stream, using a graduated stick, and the average speed of the current with a digital water velocity meter from Global Flow Probe®. The three variables were measured over a same transversal section of each stre am monthly. The average flow of the Térraba River was provided by the Instituto Costarricense de Electricidad (ICE), which maintains a permanent monitoring station in this river.
To calculate the turbidity, samples of water were collected and analysed with a LaMotte® nephelometer in laboratory.
The fish were collected using an electro fishing Samus® voltage regulator device. In Palmar Norte, apart from electro fishing, two hauls with nets 140 m long and 3.5 inches mesh were used. Most of the fish were returned to water after being measured, and only a few were sacrificed for gonadal verification.
In each collection with electro fishing, the duration and the endeavour area (m 2 ) were written down. We attempted to always run the same effort of fish capture. Fish were separated in two categories (adults and juvenile) according to size, based on the minimum length of a mature specimen (with fully developed gonads). That way, individuals of B. behreae bigger than 15 cm were considered adults, as well as A. monticola bigger than 12 cm of total length (Lt). Individuals at the immediately post-larval stage measuring 2 to 3.9 cm (Lt) were considered recruits for being the smallest sizes captured in the system. Recruitment is the arrival of recruits in the local population. The intermediate sizes were considered juveniles.
Additionally, the presence of both species was checked in three points at Tepemechín River near the City of Pejibaye in Costa Rica, using electrofishing and diving. According to fishermen, local inhabitants and to published data by Bussing (2002) , A. monticola inhabited the Tepemechin River before it be intercepted by a dam.
Data analysis
In order to verify possible differences in the number of juveniles and adults at each site, chi-square tests using a contingency table were performed for each site, for both species. The variation in number of individuals and their relation to the environmental variables changes (turbidity and rainfall) were also determined by a chi-square independence test. Similar approach has been applied before (Behr, 2008) , where chi-square was used to investigate differences in catch abundance of some species between points. All tests were performed using the software Systat ®.
Results
A total of 1,301 A. monticola and 723 B. behreae were counted during the study. The flow presented an increase in all streams during the month of October, and the Térraba River reached a maximum of 1,180 m 3 /s at this month (Fig. 2) . Brycon behreae presented a clear and concentrated recruitment in the months of January, February, March, April, May and June (Fig. 3) , a period of low flow (Fig. 2) and A. monticola, recruitment was observed all year long, with massive peaks in the months of June, July, October and November (Fig. 4) in Térraba River. It is possible that the recruits of A. monticola do not inhabit the main river, but use it as a crossing path to reach different streams where they develop. This is deduced from the following evidences: the catadromous condition of this species, the low number of juveniles in the Térraba River when compared with streams (Fig. 5) , the existence of massive peaks of recruits of A. monticola using the main river as a path and also the absence of recruits of B. behreae (which are potamodromous) colonizing the Térraba River (Figs. 3 and 4) .
According to the analysis there is a significant difference between adults and juveniles within each site, except by one. For A. monticola the analysis showed a significant higher quantity of juveniles in the streams ( ; df = 1; p < 0.000) the recruits. Brycon behreae also presented a higher number of juveniles than adults in the streams (Caña Blancal: χ 2 = 226.039; df = 1; p < 0.000; Brujo: χ 2 = 107,692; df = 1; p < 0.000; Ojochal: χ 2 = 13.067; df = 1; p < 0.000). The Térraba River was the only site with no significant difference between the number of juveniles and adults (Fig. 6) . (Fig. 7 ) 568 individuals were collected against 155 during the higher turbidity season (χ 2 =238.713; df = 1; p < 0.001). For A. monticola, the abundance was also higher during the season of low flow, with 750 individuals collected in this period, and 551 individuals collected in the high flow season (χ 2 = 47.656; df = 1; p < 0.001). When considering turbidity, more individuals were collected at low turbidity with 703 individuals against the 598 individuals collected at high turbidity levels (χ 2 = 8.474; df = 1; p < 0.004). Despite the general reduction of fish abundance during the periods of higher flow, there was an significant increase in the number of individuals of A. monticola in Térraba River (Fig. 5) when the places were analyzed separately (χ 2 = 26.791; df = 1; p < 0.001).
Samplings in the three points upstream of the dam in Tepemechin River resulted in 10 specimens of the genus Brycon and many individuals of the families Gobiidae and Poecilidae. No individuals of A. monticola were neither collected nor observed.
Discussion
The present study suggests that the streams have an important ecological role in the development of juveniles of B. behreae and A. monticola, contributing with the maintenance of these species in the ecosystem. Both species presented a similar pattern in all streams, with a higher amount of juveniles. These places may work as shelters, probably because the main river presents a greater amount of predators (personal observation) than the streams (Power, 1987) . The highest number of adults of B. behreae in Térraba River also corroborates the higher predation risk hypothesis of fish (Krause et al., 1998) . Also, small individuals can come to live in shallow places where big fishes usually are not able to reach (Harvey, 1991) . In fact, Schlosser (1987) showed that there is a higher density of juvenile individuals and adults of smaller species in shallow regions of the river.
According to the results, we believe that juvenile individuals of these two species use the streams as nursing habitats during their development into adults. On this line of thought these relatively small tributaries were considered by us as essential fish habitats (Lindeman et al., 2000; Bexiga, 2002) .
The decrease in abundance of these two species in the streams during the seasons of higher flow and turbidity may be related with the fact that these tributaries are more sensible to changes in flow, presenting relatively greater fluctuations, as observed during this study (Fig. 2) . That may even explain the higher turbidity in the streams in October (Fig. 7) . The increase in flow carries a greater load of solids in suspension and this can be fatal for fish. For instance the width of Caña Blancal increased from 7 -9 m up to 113 m during the rainy season, when even big rocks were dragged. During the season of highest flow, B. behreae comes out of the open regions of Térraba River and concentrates in pools located at its shore and in the streams, where they were observed. It is probably a behaviour related to reproduction judging by the arrival date of recruits in the beginning of the period of low flow. Other studies indicate that this species performs migrations to the headwaters and other regions of moderate to low flow during its reproductive period (Bussing, 2002) .
Brycon behreae seem to be less affected to changes in turbidity and flow than A. monticola. Brycon behreae remained in the pools of the streams during the season when both variables reached their highest values. A possible explanation for the presence of B. behreae in the streams at the highest turbidity period of the year can be linked to their behaviour. By remaining in the pools where the sedimentation of thicker solids is higher, they experience slightly clearer water. By doing this, this Characid may not really suffer the impact of variations in turbidity sufficient to affect its vital functions.
Meanwhile, the specie A. monticola, which normally does not stay in the pools, increased their abundance in Térraba River when it presented a slightly minor turbidity compared to the streams (Fig. 7) . This avoidance behavior to high turbidity environments practiced by A. monticola has already been mentioned (Cruz, 1987) .
The phenomenon of annual recruitment during periods of low flow presented by Brycon behreae (Fig. 3) is also performed by many other Characids, e.g. Astyanax fascicatus of Ceará Mirim River in the North of Brazil (Gurgel, 2004) . Maybe this is a more favourable period in the streams to breed.
The species A. monticola, according to a study in Honduras, presented a reproductive annual peak related with the rainy seasons (Cruz, 1987) . In the Térraba basin, very young individuals (recruits) are present in the streams all year long, presenting a massive peak in Térraba River in the months of July and August (Fig. 4) , two months before the increase of flow. The existence of an annual reproductive peak was already described in other studies (Cruz, 1987; Phillip, 1993; Airen, 1998) , although in different periods of the year.
Dams are a real obstacle for migration and an extremely disruptive problem (Melvin & Warren, 1998; Ovidio & Phillippart, 2002 ) that can easily compromise the local survival of the species (Prignon et al., 1999; Mathers et al., 2002) . Therefore, in order to avoid this ecological disturbance, fish passages were been built at several dams. These passages must allow the continuity of the migratory process (up-and downstream) , because the survival of the species needs the arrival of the young fishes at their feeding and growth nursery sites of the hydrographical basin. The massive recruitment of Térraba by non resident A. monticola, is probably related to the use of this river as a way to reach the streams (supported by its catadromous condition) (Cruz, 1987; Bussing, 2002) , and indicates that it is reasonable to include an efficient fish passage in the designs of the project (Aarestrup et al., 2003; Oldani et al., 2007) . However, to implement such structure a study of swimming performance of recruits is needed (Santos et al., 2007) because they may be too small to transpose the fish passage and they probably will need a ladder specially designed for them. The placement of the dam allows the free flow of Coto-Brus River, one of the main branches of Térraba River. Nevertheless, the dam site still affects a large portion of the whole drainage basin, and it is necessary to evaluate the effect of interrupting the migration into the affected river branch, and the need for installing some remedy structures such as fish ladders. These recommendations have the goal to avoid repeating what happened in the Tepemechín River, in Pejibaye (Turrialba), where this species was not found during the field trip made upstream the dam. The presence of B. behreae, a neotropical migratory fish restricted to freshwater imparts the need of even more ecological studies and that the implementation of fish passages requires special technical considerations. There are cases where these structures act as fish ecological traps (Pelicice & Agostinho, 2008) providing only a one way upstream route for migratory fishes (Agostinho et al., 2007) . A better approach about the need and effects of the fish passage requires answering the following questions: Is there a reproductive site upstream and downstream of the dam? Are the downstream movements through the dam possible? What is the purpose of keeping these fish upstream of the dam? Is it for conservation of the fishes or just to maintain fisheries? Are there others migratory fishes in that river?
Therefore, some specific studies should still be performed to address the fish passage necessity and effects to the ichthyofauna community at Térraba basin.
Furthermore, the variation in water flow and its influence on the behaviour and population dynamics of these two species, specially regarding the recruitment phenomenon at low flow waters by B. behreae before the rainy season, implies that in the case of damming of Térraba River, it is important to allow these variations in water levels to occur along the whole basin, in order to protect the life history of these species. Fig. 7 . Turbidity at the main River Térraba and the streams. The marked area is about October, when Térraba was less turbid than streams.
